Medication adherence is a major health concern, particularly among older adults who have one or more chronic conditions. We examined the association between complementary therapy use and medication adherence among older community-dwelling adults. In a bi-ethnic sample of 165 adults aged 65 years and older, anthropometric variables, data on chronic medical conditions, and medication use were assessed. Medication adherence was modeled as a score (<50%, 50%-75%, and >75%) and complementary therapy use was categorized as a binary variable. Over half of the participants (50.3%) were female, and 47.3% were African American. Complementary therapy use was prevalent (87.9%) and did not differ by sex, ethnicity, income, and educational attainment. Medication adherence score was >75% in 84.8% of complementary therapy users and 80.0% of non-users (p = .61). Despite a high use of complementary therapy in this population, there was no apparent association with low medication adherence.
Introduction
Medication adherence is a major concern in the health of elderly patients, who most often present clinically with one or more chronic conditions (Osterberg & Blaschke, 2005) . Multiple factors influencing patient adherence to prescription medications have been described, and include demographic, treatment, clinical, and behavioral variables (Krousel-Wood, Muntner, Islam, Morisky, & Webber, 2009; Morisky, Ang, Krousel-Wood, & Ward, 2008) . One such factor is the use of complementary therapies. Complementary therapy use in the United States has increased over the last decade (Arcury et al., 2009; Barnes, Powell-Griner, McFann, & Nahin, 2004; Eisenberg et al., 1998; Eisenberg et al., 1993; Tindle, Davis, Phillips, & Eisenberg, 2005) and is quite common among older adults Bell, Stafford, et al., 2006; Bell et al., 2006a) . Older adults often integrate complementary therapies into their health self-management regimens whether as self-care behaviors, informal support, formal support, or medical care (Ory, DeFriese, & Duncker, 1998) .
Poor adherence to prescription medication regimens accounts for substantial worsening of disease, death, and increased health care costs in the United States (McDonnell & Jacobs, 2002; Rodgers & Ruffin, 1998; Senst et al., 2001) . About one third to two thirds of all medication-related hospital admissions are due to poor adherence, and this alone accounts for more than $100 billion per year in health expenditure in the United States (Berg, Dischler, Wagner, Raia, & Palmer-Shevlin, 1993; Senst et al., 2001) . In a retrospective cohort study of 137,277 participants, patients who maintained an adherence rate of 80% to 100% were significantly less likely to be hospitalized, and had lower disease-related medical costs and all-cause medical costs, than those who had lower adherence rates (Sokol, McGuigan, Verbrugge, & Epstein, 2005) . Jha et al. showed that greater adherence to diabetes medications is linked to less hospital use and could save more than $5 billion annually (Jha, Aubert, Yao, Teagarden, & Epstein, 2012) .
A systematic review of the associations between dose regimens and medication compliance showed that the more medication a patient uses, the less likely the patient is to be adherent to the regimen (Claxton, Cramer, & Pierce, 2001) . This would suggest a lower adherence to prescription medications with the addition of complementary therapies. However, this claim has not been extensively studied among rural older adults with a high prevalence of complementary therapy use. In the present study, we report a cross-sectional analysis that describes complementary therapy use among rural older adults, and examines associations with prescription medication adherence.
Method

Study Population
Participants included community-dwelling adults aged 65 and older who identified as African American or White. Participants had to have the ability to speak English, give informed consent, and complete the series of interviews. There were no exclusion criteria. Participants were recruited to "a health study among older adults." The recruitment flyer stated, Older adults use many methods to treat aches, pains, ailments, and diseases. For instance, some adults only use doctors and prescriptions, others use home remedies, and some use a combination of these. We'd like to hear what you do and why.
At the stage of obtaining informed consent, participants were told, "The purpose of this research study is to identify the types of complementary therapies older adults use and how the use of complementary therapies helps older adults maintain their health." Details of the study design and baseline characteristics of the participants have been published elsewhere (Arcury et al., 2011 (Arcury et al., , 2012 . The study counties were selected because they included large minority populations (50%-65% minority) and had high rates of poverty, with two of the counties having poverty rates that exceed one quarter of the county's population. A site-based procedure was used to recruit representative participants (Arcury & Quandt, 1999) . Sites are places, organizations, or services used by members of the population of interest. Participants were recruited from 34 sites. The types of sites at which older adults were recruited to this study included county recreation departments (three different sites), county social service departments (three), county government meetings (two), senior center and congregate meal sites (three), senior housing complexes (three), social and support clubs (seven), churches (six), businesses (five), and polling sites (two). Participant recruitment and data collection procedures were approved by the Wake Forest School of Medicine Institutional Review Board (IRB; Human Protocol IRB 00000182), and all participants gave signed informed consent.
Data Collection
Data collection was completed by trained interviewers. Baseline interviews were completed from April 2008 through May 2009. Participants then completed a series of daily-diary follow-up interviews on 3 consecutive days at 1-month intervals, totaling 18 daily interviews over a period of 6 months (Arcury et al., 2011) . For the purpose of this study, we performed a crosssectional analysis averaging calculated medication adherence scores over the entire study period. During interviews, questions about the general use of complementary therapy were asked. At baseline, if participants indicated they had used a therapy in the past 12 months, they were further asked whether they had used it in the past 3 months. Participants using a therapy in the past 3 months were asked the frequency of its use. During follow-up visits, participants were questioned on their use of each complementary therapy in the previous month. Participants were also asked whether they had used any prescription medication for specific chronic conditions (arthritis, heart disease, diabetes, and respiratory disease).
Study Variables
The outcome variable for this analysis is prescription medication adherence. Prescription medication was defined as any medication prescribed to a participant by a physician. Self-reported adherence to prescription medications was ascertained by evaluating the degree to which the participant followed the prescribing physician's instructions for the prescription. All participants had one or more prescription medications. Complementary therapy modalities, not prescribed by physicians, were excluded from the adherence evaluations. A complete inventory of prescribed medications for each participant was done at baseline, and this list was updated during each subsequent interview. Specific questions asked to participants included the following: (a) in the past 24 hr, did you take your medicine? (b) In the past 24 hr, how much medicine did you take? (c) How often do you take this medicine? An adherence score was calculated for each participant based on the responses to these three questions. Eighteen time points were created for each participant (each corresponding to an interview day of the study period), and the ratio of the effective amount of medication taken to the amount to be taken was recorded for each time point. The adherence score was computed as follows: Adherence score was categorized as follows: less than 50% of medications, 50% to 75% of medications, and more than 75% of medications taken.
We defined complementary therapies as any therapy that exists largely outside institutions where conventional medicine is taught and provided (Zollman & Vickers, 1999) . Baseline interview included questions to participants about their use of 11 specific home remedies, 7 over-the-counter drugs (e.g., cod liver oil), 9 specific vitamins or minerals, 9 specific herbs, 4 specific supplements (e.g., flaxseed, fish, or omega-e oil; coenzyme Q10), 3 specific practitioners (e.g., chiropractor, massage therapist), and 4 specific practices (e.g., relaxation, meditation) in the past year (Arcury et al., 2011) . Participants were asked whether they had used any additional therapies within these seven groups. Complementary therapy use was considered as the use of these treatment modalities on a regular basis in the year prior to the baseline survey or at least in the 3 months prior to baseline. Each of the follow-up interviews asked participants about their use of complementary therapy in the treatment of four chronic conditions (arthritis, diabetes, heart disease, and respiratory disease).
Gender, ethnicity, marital status (currently married or not married), level of education (less than high, school, high school, or more than high school), annual income (less than US$13,000 or US$13,000 and more), health insurance status, number of chronic conditions (2 or less and more than 2), and participant satisfaction with medical services (satisfied or dissatisfied) were treated as categorical variables. Age was treated as a continuous variable.
Statistical Analyses
For each chronic condition, tests of association between demographic characteristics and any complementary therapy use over the course of the study were performed using Fisher's exact test. Tests of association between medication adherence category and complementary therapy use for each chronic condition were performed using an exact Cochran-Armitage trend test. All data analyses were performed using SAS version 9.2 (SAS institute, Cary, North Carolina). A p value of <.05 was considered to indicate statistical significance.
Results
Demographic Characteristics
A total of 165 participants (50.3% women) were included in the analyses (Table 1) . Any complementary therapy use was prevalent (87.9%) among males and females in the study sample, with 78.8% using over-the-counter medications, 23% using herbs or supplements, 24.9% using home remedies, and 36.9% using health food or drinks. However, complementary therapy use did not significantly differ by gender, ethnicity, or age. No difference in complementary therapy use status was present by level of education, marital status, or satisfaction with medical services. Although the proportion of complementary therapy users to non-users was higher among participants without health insurance and those with an annual income less than $13,000, these differences were not statistically significant. Finally, participants' number of chronic conditions did not prove to be a discriminatory factor in complementary therapy use; 70.3% of the participants who used complementary therapy had 2 or less chronic conditions, compared with 85% of non-users (p = .197). 
Complementary Therapy Use and Chronic Disease
About half of the participants (46.2%) who reported using any form of complementary therapy were being treated for heart disease, 24.1% for diabetes, 20.7% for arthritis, and 5.5% for chronic respiratory disease (Table 2) . For participants receiving treatment for heart disease, the ratio of complementary therapy users to non-users was significantly higher in males than in females (p = .016). No significant gender differences in complementary therapy use were observed among those treated for arthritis, diabetes, and respiratory disease. Although the ratio of complementary therapy users to non-users was generally higher among Whites than African Americans, for those participants receiving treatment for arthritis, diabetes, and heart disease, these differences were not significant (Table 3) .
Prescription Medication Adherence and Complementary Therapy Use
A total of 145 participants reported use of any complementary therapy concomitantly with prescription medication for any type of chronic condition. Of these, 123 (84.8%) had an adherence score of 75% or more ( Figure 1) . Differences in adherence score between complementary therapy users and non-users did not reach statistical significance; 16 of the 20 participants (80%) who reported no form of complementary therapy use had an adherence score of 75% or more (p = .61). This relationship did not differ when considering adherence and complementary therapy use for the various chronic conditions under study (Table 4 ). Among participants reporting the use of one or more forms of complementary therapy, the majority (86%) used two or more prescription medications. However, regardless of the number of prescription medications that participants were taking, their use or non-use of complementary therapy did Note. The horizontal axis represents the adherence score for use of prescription medications, whereas the vertical axis represents the proportion of participants in the study. The solid line represents the curve for complementary therapy users, whereas the dashed line represents the curve for non-users.
not affect adherence; among those using two or more prescription medications, 86% of complementary therapy users and 79% of non-complementary therapy users reported taking at least 75% of their prescribed medications all the time (p = .38). A similar trend was observed among participants using fewer than two prescription medications.
Discussion
The relationship between the use of complementary therapy and adherence to prescription medications among older adults has not been extensively studied. Speculations and reports indicate that the use of complementary therapy may have a negative effect on prescription medication adherence (Gohar, Greenfield, Beevers, Lip, & Jolly, 2008; Jernewall, Zea, Reisen, & Poppen, 2005; Krousel-Wood, Thomas, Muntner, & Morisky, 2004) . Results from our study show that, despite the high prevalence of complementary therapy use in this rural, older adult population, no association between the use of complementary therapy and adherence to prescription medications is evident. Studies that have focused on the use of complementary therapy among older adults have reported a wide range of prevalence rates, generally ranging from 28% to 88% Astin, Pelletier, Marie, & Haskell, 2000; Bell et al., 2006a; Cherniack, Senzel, & Pan, 2001; Cuellar, Aycock, Cahill, & Ford, 2003; Grzywacz et al., 2006; Micek et al., 2007; Najm, Reinsch, Hoehler, & Tobis, 2003; Ness, Cirillo, Weir, Nisly, & Wallace, 2005; Shreffler-Grant, Weinert, Nichols, & Ide, 2005) . Our study found a prevalence rate of 87.8% among men and women. This high prevalence may be due to our study having considered many different modalities such as natural products (home remedies, herbal medicines, vitamins, and minerals), mind and body therapies (meditation, relaxation, formal exercise), and manipulative and body-based practices (massage, manipulation by chiropractors and physical therapists). Other studies have considered one form of complementary therapy use (natural products). Also, because participants recruited to this study were told that it focused on the use of complementary therapies as well as other therapies, some older adults may have agreed to participate because of an interest in the use of complementary therapies (Arcury et al., 2011) . Over 64% of our sample had at least a high school education and more than two thirds had an annual income above the poverty line (≥$13,000). Among participants who used complementary therapy, 62.1% had attended at least high school. This finding from our study is similar to that described in previously published studies (Astin, 1998; Barnes et al., 2004; Bell et al., 2006b; Cherniack et al., 2001; Egede, Ye, Zheng, & Silverstein, 2002) . Individuals with more education may be more resourceful and more likely to research their underlying disease. Moreover, research has shown that people view complementary therapies as more empowering, less authoritarian, and offering them more personal autonomy and control over their health care decisions (Astin, 1998; Thorne, Paterson, Russell, & Schultz, 2002) . Results from our study did not reveal any significant differences in age, gender, and marital status between complementary therapy users and non-users. This finding corroborates with that from prior studies (Cherniack et al., 2001; Gohar et al., 2008) .
Several studies have evaluated the associations between complementary therapy use and adherence to prescription medications, in most cases involving medication adherence to one type of medical condition (hypertension, inflammatory bowel disease, human immunodeficiency virus infection) and use of mainly ingested forms of complementary therapy (Krousel-Wood et al., 2010; Lakatos et al., 2010; Nahin et al., 2009; Tilburt, Dy, Weeks, Klag, & Young, 2008; Weizman et al., 2012) . Our study included various forms of complementary therapy use and adherence in adults presenting with four major chronic conditions (arthritis, diabetes, heart disease, and respiratory disease). Associations between any use and use for the four chronic condition categories were studied. The finding from our study that complementary therapy use was not associated with low adherence is similar to the results of previous studies (Cherniack, 2011; Gohar et al., 2008; Weizman et al., 2012) . In one of these studies, among complementary therapy users, 88% reported the willingness to continue conventional therapy after starting a complementary therapy. These findings suggest that older adults may be complementing, rather than substituting, conventional treatment with complementary therapies. Although some studies have described a low adherence to antihypertensive medications in African Americans, but not Whites, receiving complementary therapy (Krousel-Wood et al., 2010) , our study did not find ethnic differences in the association between complementary therapy use and medication adherence.
Our study has a number of limitations. The sample studied was non-random, and analysis was cross-sectional and involved older adults restricted to one region of the United States. Therefore, caution must be used in generalizing the study results. However, it provides important new information on the association between complementary therapy use and medication adherence in older rural adults. Although this article and prior studies involving the same age group from different regions of the United States have similar findings, future more comprehensive research is needed to determine the full spectrum of effects complementary therapy use has on prescription medication adherence in older adults. Data on use of complementary therapy and prescription medications were self-reported, and thus have a potential for misclassification. Previous observational studies have used the validated self-reported continuous Morisky score to assess adherence (Gohar et al., 2008; Krousel-Wood et al., 2010) , whereas others have used a dichotomous measure (adherent vs. non-adherent; Cherniack, 2011; Weizman et al., 2012) , thus making direct comparisons difficult. Our study used a scoring system, rather than a dichotomous measure, because adherence can vary along a continuum from 0% to 100% (Pullar, Kumar, Tindall, & Feely, 1989; Rudd et al., 1988) . Finally, the small number of participants in each chronic condition by gender or ethnicity group did not allow for examining whether the use of specific complementary therapies had an effect on prescription medication adherence for each chronic condition.
Despite these limitations, the present study has a number of strengths. Previous studies have recruited patient samples primarily from a hospital facility or a managed care organization (Cherniack, 2011; Gohar et al., 2008; Krousel-Wood et al., 2010; Lakatos et al., 2010) . In our study, we recruited a community sample from 34 sites. Although not random, this minimizes selection bias. The study population is bi-ethnic, data on diverse complementary therapy modalities were collected, and it involved participants with more than one chronic condition.
Conclusion
This study has shown that a substantial proportion of older adults aged 65 years or above use complementary therapy concomitantly with prescription medications. The frequent co-existence of one or more chronic conditions makes this population group potentially vulnerable to polypharmacy and medication nonadherence. However, complementary therapy use among older adults appeared to complement, rather than substitute, conventional therapies.
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